A full list of authors and affiliations for the CARDIoGRAM Consortium is provided in the appendix. The online-only Data Supplement is available with this article at http://atvb.ahajournals.org/lookup/suppl/Objective-Diminished serum paraoxonase and arylesterase activities (measures of paraoxonase-1 [PON-1] function) in humans have been linked to heightened systemic oxidative stress and atherosclerosis risk. The clinical prognostic use of measuring distinct PON-1 activities has not been established, and the genetic determinants of PON-1 activities are not known. Methods and Results-We established analytically robust high-throughput assays for serum paraoxonase and arylesterase activities and measured these in 3668 stable subjects undergoing elective coronary angiography without acute coronary syndrome and were prospectively followed for major adverse cardiovascular events (MACE= death, myocardial infarction, stroke) over 3 years. Low serum arylesterase and paraoxonase activities were both associated with increased risk for MACE, with arylesterase activity showing greatest prognostic value (quartile 4 versus quartile 1; hazard ratio 2.63; 95% CI, 1.97-3.50; P<0.01). Arylesterase remained significant after adjusting for traditional risk factors, C-reactive protein, and creatinine clearance (hazard ratio, 2.20; 95% CI, 1.60-3.02; P<0.01), predicted future development of MACE in both primary and secondary prevention populations, and reclassified risk categories incrementally to traditional clinical variables. A genome-wide association study identified distinct single nucleotide polymorphisms within the PON-1 gene that were highly significantly associated with serum paraoxonase (1.18×10 -303 ) or arylesterase (4.99×10 −116 ) activity but these variants were not associated with either 3-year MACE risk in an angiographic cohort (n=2136) or history of either coronary artery disease or myocardial infarction in the Coronary Artery Disease Genome-Wide Replication and Meta-Analysis consortium (n≈80 000 subjects).
H eightened oxidative stress in the form of oxidation of lipids and proteins by reactive oxidant species adversely contributes to disease progression in cardiovascular disease. 1 Paraoxonase-1 (PON-1) belongs to a family of high-density lipoprotein−associated enzymes that show hydrolytic activity toward a variety of substrates, including toxins in the environment 2 and oxidized lipids in the body. 3 Consequently, diminished activities of PON-1 and other paraoxonases have been associated with the development of cardiovascular disease. 4, 5 PON-1 (EC 3.1.1.2) activity in serum is classically named after the substrate used to monitor enzymatic function, namely, paraoxonase activity (using paraoxon as substrate) and arylesterase activity (using phenyl acetate as substrate). 6 Our group has recently observed the relationship between a specific PON-1 genotype and functional activity with multiple systemic measures of oxidative stress and cardiovascular disease risk in humans. 7, 8 Based on these encouraging findings, we developed analytically validated semiautomated high throughput methods for arylesterase and paraoxonase activity assays amenable to large scale clinical and genetic studies. We sought to expand and validate our findings in an independent cohort of stable patients undergoing cardiac evaluation to examine and contrast the potential role of distinct circulating PON-1 activity measures to predict adverse disease progression. In addition, we sought to identify genetic loci controlling paraoxonase and arylesterase activity by carrying
Patients and Methods

Study Population
The Cleveland Clinic GeneBank study is a large, prospective cohort study from 2001 to 2006 that established a well-characterized clinical repository with clinical and longitudinal outcomes data obtained from consenting subjects undergoing an elective diagnostic cardiac catheterization procedure. All the GeneBank participants gave written informed consent approved by the Cleveland Clinic Institutional Review Board.
This study involved a total of 3668 subjects in the GeneBank study who underwent coronary angiography in the absence of acute coronary syndrome and confirmed by including only those with cardiac troponin I <0.03 ng/mL, with no history of revascularization within 30 days before enrollment, and with at least 3 years of long-term followup. Adjudicated outcomes were ascertained over the ensuing 3 years for all subjects after enrollment. Framingham risk factors age, sex, cigarette smoking, low-density lipoprotein and high-density lipoprotein cholesterol, systolic blood pressure, and diabetes mellitus were identified. We defined secondary prevention cohort by a known history of CAD (including stenosis of any coronary artery ≥50% at the time of catheterization), prior myocardial infarction (MI), known history of peripheral artery disease, history of transient ischemic attack, stroke, or known cerebrovascular disease, or previous percutaneous or surgical revascularization. Those who did not fulfill secondary prevention cohort criteria were assigned to primary prevention cohort.
An estimate of creatinine clearance was calculated using the Cockcroft−Gault equation, because a majority of the patients have preserved renal function. High-sensitivity C-reactive protein (hsCRP), cardiac troponin I, serum creatinine, fasting blood glucose, and lipid profiles were also measured on the Architect ci8200 platform (Abbott Laboratories, Abbott Park, IL). Absolute neutrophil counts were analyzed by the Advia 120 Automated Hematology Analyzer (Siemens Healthcare Diagnostics, Deerfield, IL). Major adverse cardiovascular events (MACE) were defined as death, nonfatal MI, or nonfatal cerebrovascular accident after enrollment.
Serum Paraoxonase Activity and Arylesterase Activity Assays
Serum paraoxonase and arylesterase activities were measured by spectrophotometry in an open channel on the aforementioned Architect ci8200 platform, and in a 96-well plate format (Spectramax 384 Plus, Molecular Devices, Sunnyvale, CA), respectively. For serum paraoxonase activity, the rate of generation of paranitrophenol was determined at 405 nm in 40-fold diluted serum (final) in reaction mixtures composed of 1.5 mmol/L paraoxon (Sigma-Aldrich, St. Louis, MO), 10 mmol/L Tris hydrocholoride, pH 8, 1 mol/L sodium chloride, and 2 mmol/L calcium chloride at 24°C. An extinction coefficient (at 405 nm) of 17 000 mol/L -1 ·cm -1 was used for calculating units of paraoxonase activity, which is expressed as nanomoles of paranitrophenol produced per minute per milliliter of serum. The intra-assay and interassay coefficients of variance for the high-throughput paraoxonase activity assay were 1.9% and 3.3%, respectively, on 30 replicates performed on 15 different days. For serum arylesterase activity measurement, initial hydrolysis rates were determined at 270 nm in 50-fold diluted serum (final) in reactions mixtures composed of 3.4 mmol/L phenylacetate (Sigma-Aldrich), 9 mmol/L Tris hydrocholoride, pH 8, and 0.9 mmol/L calcium chloride at 24°C. An extinction coefficient (at 270 nm) of 1310 mol/L -1 ·cm -1 was used for calculating units of arylesterase activity, which are expressed as micromoles of phenyl acetate hydrolyzed per minute per milliliter of serum. The intra-assay and interassay coefficients of variance for arylesterase activity assay were 3.4% and 3.9%, respectively, on 20 replicates performed on 10 different days.
Genotyping
Genotyping was performed on the Affymetrix Genome-Wide Human single nucleotide polymorphism (SNP) Array 6.0 platform. Using these data and those from 120 phased chromosomes from the HapMap CEU samples (HapMap r22 release, National Center for Biotechnology Information build 36), genotypes were imputed for untyped SNPs across the genome using MACH 1.0 software. 9 All imputations were done on the forward (+) strand using 562 554 genotyped SNPs that had passed quality control filters. QC filters for the imputed data set excluded SNPs with Hardy-Weinberg equilibrium P values <0.0001 or minor allele frequencies <1%, and individuals with <95% call rates. This resulted in 2 421 770 autosomal SNPs that were available for analysis.
Statistical Analyses
The Student t test or Wilcoxon-Rank sum test for continuous variables and χ 2 test for categorical variables were used to examine the difference between the groups. Kaplan-Meier analysis with Cox proportional hazards regression was used for time-to-event analysis to determine hazard ratio (HR) and 95% CI for MACE. Adjustments were made for individual traditional cardiac risk factor (including age, sex, diabetes mellitus, hypertension, former or current cigarette smoking, prior CAD), log-transformed hsCRP, and creatinine clearance. The R package Mclust was used for discriminant analysis. The clustering process is based on multivariate normal mixture models. The optimal model parameters and the number of clusters were determined via Bayesian information criterion. All analyses were performed using R 2.13.1 (Vienna, Austria) and P values <0.05 were considered statistically significant.
Genome-wide linear regression analyses were used to identify loci associated with serum paraoxonase and arylesterase activity after adjustment for age and sex under an additive model. Genetic analyses were carried out with PLINK (v1.07) using both untransformed (arylesterase activity) and inverse-normal transformed (paraoxonase activity) values. Relative risk for experiencing a MACE as a function of genotype was assessed using Cox proportional hazard models with adjustment for age, sex, Framingham ATP-III risk score (which includes diabetes mellitus status), and medication use (aspirin and statins). Adjusted HR and 95% CI are reported with 2-sided P values. A haplotype score test was also used to test all haplotypes with >1% frequency, as implemented in the Haplo.Stats package. All genetic analyses were performed using SAS version 9.2 (SAS Institute Inc, Cary, NC) or R 2.10.1 (http://www.R-project.org).
Associations With CAD
The Coronary Artery Disease Genome-Wide Replication and Metanalysis (CARDIoGRAM) Consortium represents a GWAS meta-analysis of CAD comprising a discovery set of ≈22 000 cases and ≈65 000 controls. 10 For each cohort in CARDIoGRAM, logistic regression was first used to test for association with CAD using a log-additive model with adjustment for age and sex and taking into account the uncertainty of possibly imputed genotypes. Subsequently, a meta-analysis was performed separately for every SNP from each study that passed the quality control criteria using a fixed effect model with inverse variance weighting. 10 The results of this default metaanalysis were used to determine whether SNPs influencing PON-1 functional activity measures were associated with CAD. Table 1 describes the baseline characteristics of our primary study population of 3668 subjects. Serum arylesterase activity levels were normally distributed, with a mean of 104±25 μmol·min −1 ·mL −1 . However, serum paraoxonase activity levels were not normally distributed, with a median of 562 μmol·min −1 ·mL −1 (interquartile range, 315-1045 μmol·min −1 ·mL −1 ). Both serum paraoxonase and arylesterase levels were lower in men than in women. Compared with those in the highest quartile, subjects in the lowest quartile of serum paraoxonase and arylesterase activity were more likely to have significantly obstructive (≥50% stenosis) CAD (odds ratio, 1.86 [95% CI, 1.53-2.27] P<0.01 for arylesterase, and 1.48 [95% CI, 1.22-1.81] P<0.01 for paraoxonase). However on adjustment of cardiovascular risk factors, such differences were no longer apparent. In addition, there were very weak (but statistically significant) correlations between serum arylesterase activity and hsCRP (r=−0.09; P<0.001), estimated creatinine clearance (r=0.15; P<0.001), and absolute lymphocyte count (r=0.09; P<0.001). In contrast, there was no statistically significant relationship between serum arylesterase activity and leukocyte count (r=0.02; P=0.28) or absolute neutrophil count (r=0.002; P=0.91). These findings were similar when correlations were performed within the Q192R genotype subgroups (data not shown).
Results
Study Population
PON-1 Activities and Major Adverse Cardiac Outcomes
In the 3668 subjects, a total of 417 cardiac events were recorded within the 3-year period of follow-up. Lower serum paraoxonase and arylesterase activity levels were associated with poorer long-term outcomes when stratified by quartiles (Table 2, Figure 1 ). After adjusting for Framingham risk factors, estimated creatinine clearance, diabetes mellitus and log-transformed hsCRP, lower serum arylesterase activity (HR 2.20 [95% CI, 1.60-3.02]; P<0.01) and to a lesser extent lower serum paraoxonase activity (HR 1.39 [95% CI, 1.04-1.85]; P<0.05) demonstrated increased risk in developing future MACE. Even when cardiac troponin I levels were added to the model (within the normal range of 0.001-0.029 mg/dL), lower serum arylesterase levels still maintain a 2-fold increased risk in MACE at 3 years (HR, 2.04 [95% CI, 1.49-2.79]; P<0.01). The separation is particularly apparent between the lowest quartile and the upper 3 quartiles at the cutoff of 87 μmol·min −1 ·mL −1 (Figure 1 ). The addition of serum arylesterase activity or serum paraoxonase activity to the model results in significant improvement in risk classification with net reclassification index of 7.9% for arylesterase activity (P=0.003) and 7.2% for paraoxonase activity (P=0.002). The prognostic value of serum arylesterase activity was observed within the secondary prevention cohort ( Table 2) , as well as within subjects who demonstrated a recent normal catheterization (ie, no significant [>50%] angiographic evidence of CAD in any major vessel or preceding history of CAD, the primary prevention cohort; Table 2 ). Serum arylesterase activity also remained a prognostic indicator within each Framingham risk factor subcohort and among those with low hsCRP (Figure 2 ), or in those without statin therapy (n=1512). In addition to serum arylesterase remaining a significant predictor of MACE after addition of higher sensitivity troponin testing to traditional risk factors and laboratory risk markers in the models, we further observed an increased risk of developing subclinical myocardial necrosis (troponin levels that are detectable but remain below the 99th percentile diagnostic cutoff among healthy subjects used to define cutoff for MI) with decreasing quartiles of serum arylesterase levels (odds ratio 2.01 [95% CI, 1.53-2.64]; P<0.001; Figure 3 ); this trend was not observed with serum paraoxonase activity levels ( Figure 3 ).
GWAS for PON-1 Activities
We next performed a GWAS for serum paraoxonase and arylesterase activity in 2136 GeneBank subjects (all of Caucasian ancestry) for whom both genotype and PON-1 functional data were available. The genomic inflation factors for paraoxonase and arylesterase activity were 1.015 and 1.013, respectively, indicating that the GWAS results were not confounded by underlying population stratification, and the Q-Q plots are shown in Figure I in the online-only Data Supplement. Serum paraoxonase activity was controlled by a major locus on chromosome 7 containing the PON-1, PON-2, and PON-3 genes ( Figure 4A ). The lead SNP for serum paraoxonase activity at this locus (rs2057681) is located within the PON-1 gene and yielded a highly significant P value of 1.18×10 -303 ( Figure 4A , Table 3 ). Based on our genotype data, rs2057681 is in near complete linkage disequilibrium (LD) (r 2 =0.99) with a functional amino acid substitution in PON-1 (rs662; Q192R), which is also associated with increased paraoxonase activity (P=3.31×10 -295 ; Table 3 ). Of interest, while rs2057681 and rs662 are associated with significant increase in paraoxonase activity, they are also associated with significant decrease in arylesterase activity (Table 3) . Another known coding SNP in PON-1 (rs854560; L55M) exhibited significant association with paraoxonase activity as well (P=1.27×10 -140 ; Table 3 ) but is in relatively weak LD (r 2 =0.20) with the aforementioned lead SNPs (rs2057681 and rs662). The GWAS analysis for serum arylesterase activity also revealed that this chromosome 7 region was the major locus controlling this measure of PON-1 functional activity ( Figure  4B ). For example, the lead SNP for serum arylesterase activity, rs854572, is located in the promoter region of PON-1 and yielded a highly significant P value of 4.99×10 -116 (Table 3) . This SNP (rs854572) also was associated with the increase in paraoxonase activity. Of note, the 4 lead SNPs for arylesterase activity differ from those identified for paraoxonase activity, although they do exhibit some association with paraoxonase activity and vice versa (Table 3 ). However, the lead SNPs for arylesterase and paraoxonase activity are in weak LD (r 2 <0.23), suggesting that the reciprocal associations are for the most part independent. Further, the lead SNPs for both paraoxonase (rs2057681) and arylesterase (rs854572) activities are localized in the PON-1 gene and not in LD with variants in either PON-2 or PON-3 genes. We next determined whether the lead SNPs on chromosome 7 influenced other CAD risk factors but did not observe any significant evidence for such associations ( Table I in the online-only Data Supplement). Because body mass index and statin use have been shown to potentially affect serum paraoxonase activity, [11] [12] [13] we also adjusted the genetic analyses for these potential confounders. However, the strength of the association of the lead SNPs with paraoxonase and arylesterase activities was not diminished when either body mass index or statin use alone was included with age and sex in the genetic models or in a fully adjusted model that included all 4 covariates (Table II in Given the strong effect of the chromosome 7 locus on PON-1 function, we also carried out GWAS analyses for paraoxonase and arylesterase activity conditioned on the lead SNP for each respective trait. These analyses did not reveal other loci in the genome that were significantly associated with either measure of PON-1 activity. To gain further insight into the effect of the chromosome 7 variants on PON-1 function, we also examined the relationship between serum paraoxonase and arylesterase activities in our cohort. As illustrated in Figure 5 , both activities were significantly correlated overall (r=0.30; P<0.001) and exhibited a striking grouping of 3 distinct patterns when plotted against each other. These 3 clusters were found to correspond nearly exactly with the 3 genotype groups of the Q192R (rs662) polymorphism ( Figure 5A) , with 97.2% with the genotype QQ in the top cluster, 97.2% with genotype QR in the middle cluster, and 91.3% with genotype RR in the bottom cluster. However, such a pattern was not observed with the 3 genotype groups of the lead SNP for serum arylesterase activity (rs854572; G>C, Figure 5B ). Quantitative analysis of the separation of the 3 genotypes, GG, GC, and CC, across the 3 clusters showed 50.7% with genotype CG in the top cluster, 48.4% with genotype CG in the middle cluster, and 51.4% with genotype CG in the bottom cluster. 
Association of PON-1 Variants With Incident MACE and Prevalent Cardiovascular Disease
We next sought to determine whether the lead variants influencing paraoxonase and arylesterase activity were associated with the development of MACE. These analyses included the 2136 subjects used in the quantitative association described above plus an additional 567 subjects for whom genotype and MACE data were also available (total n=2703). As shown in Table 4 , there were no individual effects of the Q192R (rs662) and L55M (rs854560) substitutions on incident risk of MACE in GeneBank subjects. Given the differential effects of the associated variants on PON-1 function (eg, rs662 is associated with increase in paraoxonase activity but decrease in arylesterase activity), we also constructed haplotypes with rs662, rs854560, rs854570, and rs854572 and specifically tested the ATAG haplotype, which leads to modest decreases in both paraoxonase and arylesterase activity (data not shown). However, risk of future MACE was not significantly increased in subjects carrying 1 (HR=0.96; 95% CI, 0.68-1.35) or 2 (HR=0.91; 95% CI, 0.50-1.63) copies of this haplotype (P=0.72; Table 4 ). Similarly, an analysis using a haplotype score test that included all haplotypes with >1% frequency also did not reveal any associations with MACE (data not shown).
To further evaluate the genetic contribution of these SNPs to cardiovascular risk, we used the large CARDIoGRAM consortium, which comprises ≈80 000 case-controls subjects. As shown in Table 5 , no significant evidence for association of these SNPs was observed with risk of prevalent CAD. A subanalysis with only cases that had a positive history for MI also did not reveal any associations (Table 5 ).
Discussion
PON-1 is an atherosclerosis protective enzyme associated with high-density lipoprotein and systemic antioxidant function. Its catalytic activity within crude serum mixtures has traditionally been measured by quantifying enzymatic hydrolysis rates of 2 known in vitro substrates, with functional activities named paraoxonase and arylesterase activities. 4, 5 There are several novel findings in this report that describe the clinical and genetic associations of PON-1 activities with cardiovascular risks that differ from prior observations from smaller cohorts. First, we demonstrated the prognostic value of serum arylesterase activity (and to a lesser extent serum paraoxonase activity) in predicting long-term cardiovascular risk in a wide range of subjects already treated with contemporary medical therapy. We observed that diminished serum arylesterase activity, particularly within the lowest quartile range, was predictive of adverse long-term cardiac events independent of standard clinical and biochemical risk factors and provided incremental value in reclassifying subjects who are at higher risk of long-term MACE. Furthermore, the prognostic value of serum arylesterase activity was evident in both primary as well as secondary prevention subjects. The fact that arylesterase activity provided prognostic value consistently within subjects with or without underlying angiographic evidence of significant CAD implies that a lack of systemic antioxidant defense mechanisms (a primary function of PON-1) may both promote greater vulnerability to oxidative stress, as well as increase risk for development and progression of CAD in subjects. Moreover, the ability of low serum arylesterase activity to identify those at significant increased risk of MACE, even among primary prevention subjects with recent coronary angiographic data showing <50% stenosis in all major coronary vessels, suggests this assay has prognostic value and can identify a vulnerable cohort of subjects who otherwise are not identified as being at high risk. Taken together, the present results suggest that enzymatic activity measures with arylesterase, more so than paraoxonase, serve as a powerful prognostic indicator of cardiovascular risk in a broad spectrum of subjects.
Studies on PON-1 activities have relied on quantifying its wide range of enzymatic activities in breaking down in vitro substrates like paraoxon (paraoxonase activity) and phenylacetate (arylesterase activity). These activities are often reported together and the findings are commonly concordant. Hence, the distinction between serum paraoxonase and arylesterase activities in predicting future adverse cardiac events is somewhat unexpected, even though historically the correlation between these 2 measures has not been particularly tight. The unique relationship between the 2 PON-1 activity measurements is largely the result of a very strong association between serum paraoxonase activity and its underlying genetic determinants, which may also explain why serum arylesterase activity is normally distributed whereas serum paraoxonase activity was not. Meanwhile, the strong association between the PON gene cluster and serum arylesterase activity confirms the long-standing assumption that this locus harbors important genetic determinants of serum arylesterase activity.
The significant genetic associations revealed by the GWAS analyses for paraoxonase and arylesterase activities are of further interest for several reasons. First, there was a stronger relationship between serum paraoxonase activity levels and its genetic determinants than those with serum arylesterase activity. Second, our results confirm the strong association of PON-1 variants with serum paraoxonase and arylesterase activities and demonstrate that the 2 measured enzymatic functions are associated in a Mendelianlike fashion by a single, major locus on chromosome 7 containing the PON gene cluster. This is supported by the GWAS analyses conditioned on the lead SNPs, which did not identify other genomic regions associated with either paraoxonase or arylesterase activity. Furthermore, the lead SNPs for either enzymatic activity localize to the PON-1 gene, are distinct from each other, and are not in LD with SNPs in the neighboring PON-3 and PON-2 genes. However, although the PON-1 variants exhibited strong (if not opposed) effects on PON function, they were not associated with future risk of MACE, either individually or as a haplotype that modestly decreased both paraoxonase and arylesterase activity. These results are consistent with our analyses from the CARDIoGRAM consortium, which did not reveal an association of these SNPs with either prevalent CAD or history of MI in ≈80 000 subjects. It should be noted, however, that because the lead SNPs only contributed to an estimated 15% of the PON-1 activity variation, other processes, such as posttranslational modifications, could also play a role in determining the ultimate functionality of PON-1. For example, PON-1 is known to be sensitive to posttranslational oxidative modification and inactivation. 14 It is also possible that our study was underpowered to detect genetic effects on prospective risk of MACE because only 311 subjects out of the ≈2700 subjects included in these analyses experienced a MACE over 3 years of follow-up. The lack of associations between the lead SNPs for PON and arylesterase activities with CAD and MI risks in humans in our study are in direct contrast to what has been observed in mice where PON-1 deficiency leads to increased aortic lesion formation 3 and transgenic mice over expressing PON-1 are protected. 15, 16 It is of interest that the PON-1 transgenic mouse models demonstrating protective effects have 50% to 400% increased serum arylesterase activity, 15, 16 far in excess of the modest changes in activity associated with the peak SNP identified in the arylesterase GWAS. If arylesterase activity is the more important atheroprotective aspect of PON-1 function, as our clinical associations with MACE suggest, then it may not be surprising that an association was not observed with the SNPs identified. For example, the lead SNP for arylesterase activity (rs854572) only increases activity by ≈16% per minor allele copy. It is, thus, possible that the genetic effects on arylesterase activity from this SNP are too weak to observe, especially if a minimum biological threshold of activity change is needed to influence risk of prevalent CAD, history of MI, or incident risk of MACE.
The ability for serum arylesterase activity to identify a high-risk population in the primary prevention cohort that just underwent cardiac catheterization and showed no significant evidence of stenoses in any major vessel may have important clinical implications. Even though our subset analysis was limited by the relatively smaller sample size and low event rates, a significant 4-fold increase risk in long-term MACE in these otherwise low risk subjects was identified. Use of serum arylesterase activity may thus have clinical use and help identify an important patient cohort that may warrant more aggressive risk factor reduction treatment strategies who might otherwise not be targeted for aggressive preventive intervention. In addition to low serum arylesterase activity predicting increased risk for MACE in primary prevention subjects, there was a direct association also noted between lower serum arylesterase activity level and increased prevalence of significantly obstructive CAD by angiography. Of note, we did not find a strong relationship between systemic inflammatory biomarkers, such as CRP or leukocyte parameters, with serum arylesterase levels in this group of stable cardiac patients. This observation is consistent with previous reports that distinguished systemic inflammatory from oxidative stress processes.
Several limitations of our study should be noted. Serum paraoxonase and arylesterase activities used substrates that are not the endogenous substrates for PON-1, but are used because they are not readily influenced by other esterases/ lactonases in serum, and are presumed to reflect the underlying catalytic activity of PON-1. The GWAS results observed demonstrate these assumptions are reasonable, as only genetic variations in the PON-1 gene were observed to be associated with variations in paraoxonase and arylesterase activities. A further potential limitation is that the measurements were only made under fasting conditions at a single time point. Hence, we are unable to determine the variability and prognostic value of level changes over time and the impact of dietary or therapeutic interventions on serum arylesterase activity level. Selection bias may also be present for those undergoing cardiac catheterization for symptomatic evaluation and management of cardiac diseases at a tertiary care setting, but the large sample size and event rates of the patient population, together with careful phenotypic evaluation, including angiographic data, provides unique insights and adequate power to adjust for clinical and biomarker variables. HRs are shown as a function of carrying 0, 1, or 2 copies of the minor allele for the lead SNP for paraoxonase (rs2057681) and arylesterase (rs854572) activity or the ATAG haplotype of rs662, rs854560, rs854570, and rs854572. HR are adjusted for age, sex, Framingham ATP-III risk score, and medication use (aspirin and statins). 2703 subjects were used in these analyses, of which 311 experienced a MACE (death, MI, or stroke) over 3 y of follow-up. 
